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Introduction

Coronaviruses are non-segmented, enveloped, positive-
sense, and single-stranded RNA viruses that commonly
exist in mammals.” Human and animal coronaviruses
comprise four genera, named o, B, vy, and 3. B-Coronavi-
ruses include those that cause Middle East respiratory
syndrome (MERS), severe acute respiratory syndrome
(SARS), and coronavirus disease 2019 (COVID-19)."-% Severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in-
teracts with pulmonary and parabronchial epithelial cells to
enter through the epithelial cell membrane.® The virus
primarily spreads through saliva droplets or discharge from
the nose of an infected individual after coughing or
sneezing and is the causative pathogen of COVID-19,* which
appears to have a spectrum of clinical presentations that
ranges from asymptomatic to severe respiratory failure.*”
SARS-CoV-2 caused an outbreak of novel pathogenic viral
pneumonia in December 2019, which subsequently became
a global pandemic.”’® Several preventive strategies were
then implemented by governments worldwide in an
attempt to control the spread of the virus, including but not
limited to the shutting of air and sea borders, case identi-
fication and tracking, quarantining individuals with sus-
pected infections, travel restrictions, big data integration,
and facemask policies.’~'? Furthermore, many drugs have
been proposed to control and treat COVID-19.""°

SARS-CoV-2 enters cells through direct interactions be-
tween the viral S protein and the cellular receptor angiotensin-
converting enzyme 2."®"7 After entering a cell, the virus re-
leases its genome, which is translated into viral replicase
polyproteins and cleaved into functional proteins by pro-
teases. Viral genome replication is mediated by the viral
replication complex, which includes RNA-dependent RNA po-
lymerase (RdRp). '@ Viral nucleocapsids are assembled from the
packaged viral genomes and translated to form viral structural
proteins, which are then released by exocytosis.'* 22

Based on the currently understood mechanisms, many
therapeutic drugs are being investigated and developed to
fight SARS-CoV-2 during the current COVID-19 pandemic.
Several ongoing clinical trials are testing the efficacy of
single and combination treatments.?>?* Many different drugs
are under evaluation,?® including antiviral nucleotide ana-
logs such as remdesivir,?®>° antiviral nucleoside analogs
such as favipiravir*' and ribavirin,*? protease inhibitors such
as lopinavir/ritonavir,®*> antimalarials such as chloroquine
and hydroxychloroquine alone® or combined with azi-
thromycin,>¢ biologics such as tocilizumab,*” corticoste-
roids,>®>° colchicine, nonsteroidal anti-inflammatory drugs
such as indomethacin,*"*** and convalescent plasma.* These
candidate drugs are listed in Table 1.

Based on several clinical trials and reports on its
compassionate use, remdesivir is considered by many to be
the most promising drug for the treatment of COVID-
19.474 Remdesivir (GS-5734) is a prodrug of an adenosine

analog, and its triphosphate form can be used as a substrate
for many viral RdRp complexes.*’**® It has been reported to
inhibit viral RNA synthesis by a specific mechanism of
delayed chain termination for MERS-CoV, SARS-CoV, and
SARS-CoV-2.%

To date, there are no Food and Drug Administration (FDA)-
approved drugs for COVID-19, however, in the USA, the FDA has
authorized the emergency use of remdesivir to treat hospi-
talized adults and pediatric patients with suspected or
laboratory-confirmed SARS-CoV-2 infection and severe COVID-
19. Remdesivir has also been made available in the UK through
the Early Access to Medicines Scheme (EAMS) after a positive
scientific opinion from the Medicines and Healthcare Products
Regulatory Agency. Similar arrangements have already been
made by regulatory authorities in Japan. The EAMS scheme
provides patients with COVID-19 and life-threatening or seri-
ously debilitating conditions access to drugs that have not yet
received licensing approval.>® Additionally, several large-scale
clinical trials on the compassionate use of remdesivir have
been published with varying results.?¢ 2% |n the current
study, a PubMed search using a combination of the keywords
*“COVID-19” "SARS-CoV-2” and “remdesivir” was performed.
We included all studies written in English. The initial literature
search identified 39 articles, which included three large-scale
randomized clinical trials. Some compassionate-use experi-
ences were also included in this review.

Preclinical evidence for the efficacy of
remdesivir against sars-cov-2

Remdesivir was developed by a collaboration among Gilead
Science, the U.S. Centers for Disease Control and Preven-
tion, and the U.S. Army Medical Research Institute of In-
fectious Diseases.*> Sheahan et al.”""*” reported the in vivo
efficacy of remdesivir in the inhibition of viral replication,
and Gordon et al.?’ and de Wit et al.”® reported a reduction
in viral-related pathology of MERS-CoV and SARS-CoV in-
fections. Furthermore, in an in vitro study, Wang et al.
assessed the antiviral activity of remdesivir against SARS-
CoV-2 using quantitative reverse transcription-polymerase
chain reaction quantification of the viral copy number in
infected Vero E6 cells.®* The study demonstrated that
remdesivir had an ICso of 770 nM and an ICyy equal to
1760 nM (with a cytotoxic concentration of >100 mM).>*
Recently, remdesivir has been found to inhibit SARS-CoV-2
replication in human nasal and bronchial airway epithelial
cells, which supports the theory that remdesivir is a po-
tential therapeutic drug against SARS-CoV-2.4%:46:%°
Furthermore, in a randomized, well-masked, controlled
trial in 12 rhesus monkeys infected with SARS-CoV-2, a
course of remdesivir administered 12 h after inoculation
attenuated their respiratory symptoms and lung damage. At
necropsy, lung viral loads were lower with less lung damage
in the remdesivir-treated animals than in the controls.
Thus, remdesivir treatment administered early during
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Table 1

Current candidate drugs for the treatment of COVID-19.

Mechanism

Dosage

Current evidence

Antiviral agents

Nucleotide analogsRemdesivir

Nucleoside analogs
Favipiravir

Ribavirin

Protease inhibitors
Lopinavir/ritonavir

Antimalarials

Chloroquine

Hydroxychloroquine

Antibiotics

Azithromycin

Corticosteroid

Colchicine

RNA polymerase inhibitors

RNA polymerase inhibitors

3-chymotrypsin-like protease

Elevate endosomal pH and
inhibit pH-dependent steps in
the viral replication process

Reinforces the efficacy of
hydroxychloroquine, virus
elimination

Binds to cytoplasmic receptors
to change the transcription of

mRNA and reduce the
production of inflammatory
mediators

Anti-inflammatory action

without the adverse effects of
steroids and nonsteroidal anti-

inflammatory agents

200 mg intravenously on day
1

100 mg intravenously on day
2—-10

Day 1: 1600 mg twice daily;
Days 2—14: 600 mg twice
daily plus interferon (IFN)-a
by aerosol inhalation (5
million U twice daily)

400 mg orally, twice daily
for 14 days

400 mg/100 mg orally twice
daily for 14 days

500 mg orally twice daily for
10 days

400 mg orally twice daily for
1 day, then 200 mg twice
daily for 4 days

500 mg on day 1, followed
by 250 mg per day on day 2
—5

N/A

Colchicine 1.5 mg loading
dose followed by 0.5 mg
after 60 min and
maintenance doses of

0.5 mg twice daily for 3
weeks

Based on clinical trials, the
US FDA has authorized
emergency use of
remdesivir to treat
hospitalized adult and
pediatric patients with
suspected or laboratory-
confirmed SARS-CoV-2
infection and severe COVID-
1926

In an open-label, control
trial in China, the favipiravir
arm had a higher
improvement rate in chest
imaging and faster viral
clearance®'

Clinical trial is ongoing®?

Failed to provide benefits in
a Chinese trial**

Fatal dysrhythmias and
electrolyte shifts may occur
if inappropriately used®’

In vitro data of chloroquine
is promising, but there are
safety concerns for its
clinical use. Clinical trials
are ongoing>*¢’
Hydroxychloroquine has
increased potency and a
more tolerable safety
profile compared with
chloroquine. Clinical trials
are ongoing>*

Combination treatment
with azithromycin
recommended for patients
with moderate-to-severe
COVID-19°>-3%¢
Corticosteroid use is still
controversial.>*%® A study in
China found that the use of
methylprednisolone
decreases the risk of death
in patients with COVID-19
who develop ARDS®®
Participants who received
colchicine had statistically
significantly improved time
to clinical deterioration

(continued on next page)



30

C.-J. Yang et al.

Table 1 (continued)

Mechanism

Dosage Current evidence

Biologics
Tocilizumab IL-6 monoclonal antibody for

cytokine storm

Convalescent plasma Passive immunization using
plasma from recovered
patients

NSAID Cyclooxygenase inhibitors,

reduce the production of

prostaglandins, may upregulate

ACE2
Ibuprofen/Indomethacin

RAAS antagonists A few experimental studies

with animal models, both

angiotensin-converting enzyme

(ACE) inhibitors and

angiotensin receptor blockers

(ARBs) have been shown to

upregulate ACE2 expression in

the heart

ACE inhibitors Inhibit conversion of

angiotensin | to angiotensin I

ARBs Prevent angiotensin Il from

binding to its receptor

4—8 mg/kg iv or 400 mg iv
once and an additional dose
8—12 h later if continued
clinical decompensation

May improve the clinical
outcome immediately in
patients with severe and
critical COVID-19*7 but no
FDA approval at present

N/A FDA approves the use of
convalescent plasma to
treat critically ill patients
with COVID-19*

N/A

Indomethacin could inhibit
SARS-CoV-1 replication in
animal models, but there
are no data for SARS-CoV-
241,42
Do not discontinue RAAS
antagonist

Currently, there are no
experimental or clinical
data demonstrating
beneficial or adverse
outcomes with a
background use of ACE
inhibitors, ARBs, or other
RAAS antagonists in COVID-
19. Continuation of RAAS
antagonists for those
patients was
recommended®’

infection had a clinical benefit in SARS-CoV-2-infected
rhesus macaques.’® However, in vitro and in-animal effi-
cacy does not always accurately predict outcomes in
humans®’->%; therefore, further clinical trials are urgently
needed.*

Clinical evidence for remdesivir in sars-cov-2
Efficacy following compassionate use

Gilead Science had provided more than 1000 doses of
remdesivir for compassionate use worldwide by the end of
May 2020, and this was first used in China. All
compassionate-use treatments and clinical trials involved
the administration of remdesivir at a 200-mg loading dose
on the first day, with a 100-mg maintenance dose for 9
subsequent days?®:2%:30:2%:¢0; this regime is identical to that
utilized in the previous Ebola trial,®' which appears to be
the model for all subsequent trials involving remdesivir.

Holshue et al. reported the first case of confirmed SARS-
CoV-2 infection in the USA.%? On the patient’s seventh day
of hospitalization and following clinical deterioration, the
patient was administered intravenous remdesivir through
the compassionate-use access scheme; no adverse events
were observed on infusion. The patient received the first
dose of remdesivir on hospital day 7 when they developed
severe pneumonia that could not be treated successfully
using the broad-spectrum antibiotics vancomycin and
cefepime. The patient recovered on hospital day 8 and no
longer required supplemental oxygen.

In a case series of 28 patients with severe COVID-19 in
Seattle, USA, 14 eventually died and 7 received remdesivir
through compassionate-use access; however, the outcomes
of these patients were not reported.”® Clinically, the pro-
cess of obtaining remdesivir for compassionate use is both
challenging and time-consuming. For optimal results,
remdesivir should be administered as soon as possible,
although late administration may also be effective to treat
SARS-CoV-2.% Gerin et al.?® reported a compassionate-use
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remdesivir trial of patients who were hospitalized with
confirmed SARS-CoV-2 infections. All patients had an oxy-
gen saturation of 94% or less while breathing ambient air or
receiving oxygen support and received remdesivir through a
compassionate-use scheme.?® Among the 53 patients whose
data were analyzed, 22 were in the USA, 22 were in Europe
or Canada, and 9 were in Japan. At baseline, 30 patients
(57%) were receiving mechanical ventilation and 4 (8%)
were receiving extracorporeal membrane oxygenation.
During a median follow-up of 18 days, 36 patients (68%)
showed an improvement in oxygen-support class, including
17 of the 30 patients (57%) receiving mechanical ventila-
tion, who were extubated. A total of 25 patients (47%) were
discharged and 7 patients (13%) died; the mortality rate
was 18% (6 of 34) among patients who received invasive
ventilation and 5% (1 of 19) among those who did not
receive invasive ventilation.

Efficacy in randomized controlled trials

Four randomized control trials have been published to date.
First, to evaluate the efficacy and safety of remdesivir in
patients with COVID-19, a randomized, placebo-controlled,
double-blind, multicenter, phase 3 clinical trial was
launched on February 5, 2020, in China.>%¢° Eligible pa-
tients were adults admitted to hospital with laboratory-
confirmed SARS-CoV-2 infection, with an interval from
symptom onset to enrolment of 12 days or less, oxygen
saturation of 94% or less on room air or a ratio of arterial
oxygen partial pressure to fractional inspired oxygen of
300 mm Hg or less, and radiologically confirmed pneu-
monia. Randomization was performed according to the
level of respiratory support as follows: (1) no oxygen sup-
port or oxygen support with nasal duct or mask; or (2) high-
flow oxygen, non-invasive ventilation, invasive ventilation,
or extracorporeal membrane oxygenation. Patients were
randomly assigned in a 2:1 ratio to receive intravenous
remdesivir (200 mg on day 1 followed by 100 mg on days
2—10 in single daily infusions) or the same volume of pla-
cebo infusions for 10 days. Patients were permitted the
concomitant use of lopinavir—ritonavir, interferons, and
corticosteroids. The primary endpoint was time to clinical
improvement up to day 28, defined as the time (in days)
from randomization to the point of a decline in two levels
on a six-point ordinal scale of clinical status as follows:
death = 6; hospital admission for extracorporeal mem-
brane oxygenation or mechanical ventilation = 5; hospital
admission for non-invasive ventilation or high-flow oxygen
therapy = 4; hospital admission for oxygen therapy (but
not requiring high-flow or non-invasive ventilation) = 3;
hospital admission but not requiring oxygen therapy = 2;
and being discharged or having reached the discharge
criteria (defined as clinical recovery, ie, normalization of
pyrexia, respiratory rate < 24 breaths per minute, satura-
tion of peripheral oxygen > 94% on room air, and relief of
cough, all maintained for at least 72 h) = 1.

Overall, 237 Chinese patients who were admitted to
hospital with laboratory-confirmed SARS-CoV-2 infections
and who had an interval of 12 days or less from symptom
onset to enrolment, an oxygen saturation of 94% or less
breathing room air or a ratio of arterial oxygen partial
pressure to fractional inspired oxygen of 300 mm Hg or less,

and radiologically confirmed pneumonia were enrolled.
Patients were permitted the concomitant use of
lopinavir—ritonavir, interferon, and corticosteroids. The
study concluded that the use of remdesivir was not asso-
ciated with a significant difference in the time to clinical
improvement (hazard ratio, 1.23 [95% confidence interval
(Cl), 0.87—1.75]). Although not statistically significant,
patients with a symptom duration of 10 days or less who
received remdesivir had a faster time to clinical improve-
ment than those who received placebo (hazard ratio, 1.52
[95% Cl, 0.95—2.43]).3%%° Notably, this trial was under-
powered. It was terminated early, after 237 of the intended
453 patients were enrolled, because by March 12 no further
patients met the eligibility criteria in Wuhan. The study
closed on March 29.%

The National Institute of Allergies and Infectious Dis-
eases and the National Institute of Health initiated the
Adaptive COVID-19 Treatment Trial, a double-blind, ran-
domized, placebo-controlled phase 3 trial designed to
evaluate the safety and efficacy of remdesivir compared
with a placebo-control. The preliminary data were reported
by Beigel et al.?® The study enrolled 60 trial sites and 13
subsites worldwide. The primary outcome was initially
defined as the difference in clinical status, defined using an
eight-category ordinal scale, among patients treated with
remdesivir compared with placebo at day 15. Remdesivir
was administered intravenously as a 200-mg loading dose on
day 1, followed by a 100-mg maintenance dose adminis-
tered daily on days 2 through 10 or until hospital discharge
or death. A total of 1063 patients underwent randomization
and preliminary results were obtained from 1059. Those
who received remdesivir had a median recovery time of 11
days (95% ClI, 9—12), compared with 15 days (95% Cl, 13—19)
for those who received the placebo (rate ratio for recovery,
1.32; 95% Cl, 1.12—1.55; P < 0.001). The Kaplan—Meier
estimates of mortality at 14 days were 7.1% with remdesi-
vir and 11.9% with placebo (hazard ratio for death, 0.70;
95% Cl, 0.47—1.04). The authors concluded that remdesivir
was superior to the placebo and shortened the recovery
time for adults hospitalized with COVID-19 who had evi-
dence of a lower respiratory tract infection. Based on this
study, the US FDA provided emergency use authorization for
the use of remdesivir for COVID-19 on May 1, 2020.

Trials led by Beigel et al.?® and Grein et al.”® showed
favorable results. Additionally, the first COVID-19 case in
the US responded well to remdesivir. However, these re-
sults are different from those of another large-scale trial by
Wang et al. in Hubei, China, in which the time to clinical
improvement was unchanged following remdesivir treat-
ment.>° All enrolled patients in this clinical trial were Asian
and only 4.9% and 16.7% of the enrolled patients were Asian
in the trials by Beigel and Grein, respectively. Furthermore,
in the trial by Beigel, subgroup analysis revealed that Asian
patients showed the poorest response to remdesivir.
Further pharmacogenetic studies of the efficacy of
remdesivir for the treatment of COVID-19 in patients of
different races are urgently needed.

Recently, the results of the third randomized remdesivir
trial were published. The SIMPLE trial was designed to
evaluate the efficacy of 5- and 10-day treatments with
intravenous remdesivir.?” The eligible patients were hos-
pitalized patients with confirmed SARS-CoV-2 infection who



Table 2  Published studies of remdesivir treatment for COVID-19 as of August 2020.
Wang et al.*° Beigel et al.?® Grein et al.?® Goldman et al.?” Spinner et al.”®
Enrolled Cases N = 237 N = 1603 N = 61 (53 were N = 397 N = 584
analyzed)
Asian ratio 100% (all Chinese) 4.9% 16.7% 11.47% 17.98%
Case definition RT-PCR positive for SARS- Laboratory-confirmed RT-PCR positive for RT-PCR positive for SARS- RT-PCR positive for SARS-
CoV-2, had pneumonia, SARS-CoV-2 infection, SARS-CoV-2, CoV-2, Sp02 < 94% or a CoV-2 within 4 days of

Trial design

Countries/sites

Remdesivir: placebo ratio.

Primary endpoint

Dosage
Result

Sp02 < 94% or a ratio of
arterial oxygen partial
pressure to fractional
inspired

oxygen < 300 mmHg, and
were within 12 days of
symptom onset

Double-blind,
randomized, placebo-
controlled multicenter
trial

Ten hospitals in Hubei,
China.

2 : 1 permitted
concomitant use of
lopinavir—ritonavir,
interferon, and
corticosteroids

Time to clinical
improvement

with lower
respiratory tract
involvement

Double-blind,

randomized, placebo-

controlled
multicenter trial
Sixty trial sites
globally

Time to recovery

Sp02 < 94% or a need
for oxygen support

Compassionate use

Twenty-two cases in
United States, 22
cases in Europe or
Canada, and 9 cases
in Japan.

All received
remdesivir

Clinical improvement

need for oxygen support,
and radiologic evidence
of pneumonia

Open-label, randomized,
phase 3 trial,
multicenter trial (SIMPLE
trial)

Fifty-five hospitals in the
United States, Italy,
Spain, Germany, Hong
Kong, Singapore, South
Korea, and Taiwan

All received remdesivir
(1:1 ratio to receive for 5
or 10 days)

Clinical improvement

Intravenous remdesivir 200 mg on day 1, followed by 100 mg on days 2—10 in all four trials

Hazard ratio 1.23 [95% Cl
0.87—1.75]).

Rate ratio for
recovery, 1.32; 95%
Cl, 1.12—1.55;
P < 0.001)? median
recovery time of 11

68% of patients had
an improvement in
oxygen-support class.

On day 14, a clinical
improvement of 2 points
or more on the ordinal
scale occurred in 64% of
patients in the 5-day

randomization and
moderate COVID-19
pneumonia (defined as
any radiographic
evidence of pulmonary
infiltrates and oxygen
saturation >94% on room
air)

Randomized, open-label,
phase 3, multicenter
trial

105 hospitals in the
United States, Europe,
and Asia

Patients were
randomized in a 1:1:1
ratio to receive a 10-day
course of remdesivir

(n = 197), a 5-day
course of remdesivir

(n = 199), or standard
care (n = 200).

Clinical status on day 11
on a 7-point ordinal scale
ranging from death
(category 1) to
discharged (category 7).

On day 11, patients in
the 5-day remdesivir
group had statistically
significantly higher odds
of a better clinical status

[43
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Result in Asian patients

Grade 3 adverse events
(remdesivir placebo)

N/A

18% vs 26%

days (95% Cl, 9—12)
compared with 15
days (95% Cl, 13—19)
in those who received
placebo

Rate ratio for
recovery is worst in
the Asian subgroup
[1.20, 95% ClI, 0.65
—2.22]

21.1% vs 27%

N/A

23%

group and 54% in the 10-
day group.

N/A

27% in 5-day group; 34%
in 10-day group

distribution than those
receiving standard care
(odds ratio, 1.65; 95% Cl,
1.09—2.48; P = .02). The
clinical status
distribution on day 11
between the 10-day
remdesivir and standard
care groups was not
significantly different

(P = .18)

N/A

12%, 10%, 12% in 5-day
group, 10-day group and
standard care. Nausea
(10% vs 3%), hypokalemia
(6% vs 2%), and headache
(5% vs 3%) were more
frequent among
remdesivir-treated
patients compared with
standard care.

2 Indicates statistical significance.
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had radiographic evidence of pulmonary infiltrates and
either oxygen saturation of 94% or less while they were
breathing ambient air or were receiving supplemental ox-
ygen. Patients who were receiving mechanical ventilation
and extracorporeal membrane oxygenation at screening
were excluded, as were patients with signs of multiorgan
failure. All patients received 200 mg of remdesivir on day 1
and 100 mg once daily on subsequent treatment days. In
total, 397 patients underwent randomization and began
treatment. More than 50% of patients in both treatment
groups were discharged from hospital by day 14 (5 days:
60.0%, vs. 10 days: 52.3%; P = 0.14). On day 14, 64.5%
patients in the 5-day treatment group and 53.8% patients in
the 10-day treatment group achieved clinical recovery. The
overall mortality rate on day 14 was 7% in both treatment
groups, with 64% of the patients showing clinical improve-
ment and 61% being discharged from the hospital. The trial
did not show a significant difference between a 5- and 10-
day course of remdesivir in patients with severe COVID-19
not requiring mechanical ventilation.?’

Recently, Spinner et al. conducted a randomized trial to
determine the efficacy of 5 or 10 days of remdesivir treat-
ment compared with standard care on clinical status on day
11 after the initiation of treatment.”® Patients were ran-
domized in a 1:1:1 ratio to receive a 10-day course of
remdesivir (n = 197), a 5-day course of remdesivir
(n = 199), or standard care (n = 200). Remdesivir was dosed
intravenously at 200 mg on day 1 followed by 100 mg/day.
On day 11, patients in the 5-day remdesivir group had a
statistically significantly higher odds of a better clinical
status than those receiving standard care (odds ratio, 1.65;
95% Cl, 1.09—2.48; P = .02). There was no significant dif-
ference in clinical status on day 11 between the 10-day
remdesivir and standard care groups.” All of these large-
scale remdesivir trials are summarized in Table 2.

Safety in trials

A lyophilized formulation of remdesivir was evaluated in a
phase 1 trial for potential future use in clinical trials owing
to its storage stability in resource-limited settings. All
adverse events were grade 1 or 2 in severity.®° Clinically,
common adverse drug reactions (ADRs) noted during the
compassionate use of remdesivir in patients with COVID-19
reported by Grein et al. included increased hepatic en-
zymes, diarrhea, rash, renal impairment, and hypoten-
sion.”® Four patients (8%) discontinued remdesivir
treatment prematurely, one due to a worsening of preex-
isting renal failure, one because of multiple organ failure,
and two because of elevated aminotransferases, one of
whom had a maculopapular rash.

In a trial conducted by Wang et al.*° in Wuhan, China,
adverse events were reported in 66% of patients in the
remdesivir group and 64% in the control group. The most
common adverse events in the remdesivir group were
constipation, hypoalbuminemia, hypokalemia, anemia,
thrombocytopenia, and increased total bilirubin. The inci-
dence of serious adverse events was 18% in the remdesivir
group and 26% in the control group. In the trial led by Beigel
et al.,?® serious adverse events occurred in 21.1% of the
remdesivir group and 27.0% of the placebo group. The most
common adverse events were anemia and decreased

hemoglobin (7.9% and 9.0% in the remdesivir and placebo
groups, respectively). Overall, the incidence of adverse
events was not significantly different between the remde-
sivir and placebo groups. Furthermore, in the 5- and 10-day
remdesivir treatment trial led by Goldman et al.,”” the
percentage of patients who experienced ADRs was similar
between the groups: 70% in the 5-day group and 74% in the
10-day group. Overall, 21% of the patients in the 5-day
group and 35% in the 10-day group had serious adverse
events. The most common adverse events were nausea (10%
in the 5-day group vs. 9% in the 10-day group), acute res-
piratory failure (6% vs. 11%), increased alanine transferase
(6% vs. 8%), and constipation (7% in both groups). Labora-
tory abnormalities of grade 3 or higher occurred in 27% of
the patients in the 5-day group and 34% of the patients in
the 10-day group. Most abnormalities were transient, with
no significant difference in the median change between the
groups on day 14, which indicated that the ADRs for the 10-
day remdesivir treatment course were acceptable.

Regarding the renal and hepatic toxicity of remdesivir,
patients with severe acute kidney injury and end-stage renal
disease were excluded from the current remdesivir trials
based on estimated glomerular filtration rate (eGFR) cutoffs
(either 50 or 30 mL/min per 1.73 m?), and safety data for
remdesivir among individuals with an eGFR < 30 mL/min per
1.73 m? are insufficient.®® The current pharmacokinetic ev-
idence indicates that remdesivir is rapidly cleaved by hy-
drolases; thus, the effect of hepatic impairment on
remdesivir plasma levels is likely to be low. No dose modi-
fication is currently recommended, however remdesivir is
still contraindicated in patients with severe hepatic
dysfunction.?®’

Discussion

There is currently a need for effective drugs to treat COVID-
19 and control the pandemic. According to the included
clinical trials, remdesivir can play a crucial role in the fight
against COVID-19 as it can lead to clinical improvements with
no additional ADRs. However, it is important to note that
remdesivir failed to treat patients with COVID-19 in a ran-
domized controlled trial in China. These clinical trials sug-
gest that remdesivir may be useful for the treatment of
COVID-19, at least as a backbone of combination therapy.
For example, a study to evaluate the use of remdesivir
combined with a Janus kinase inhibitor, baricitinib, for the
treatment of COVID-19 is ongoing.®® No different clinical
efficacies or ADRs have been observed between 5- and 10-
day treatment courses; thus, a short course of remdesivir
is possible. Upcoming large-scale, randomized, placebo-
controlled trials may provide additional evidence for the
efficacy and safety of remdesivir for the treatment of COVID-
19. Importantly, pharmacogenetic studies of remdesivir are
urgently needed to explain the different effects of remde-
sivir in Western and Eastern countries and different races.
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